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Abstract: Green supply chain management (GSCM) is a valuable application that is used to reduce 
the overall environmental impact of the supply chain. Waste reduction and recycling are crucial 
components of sustainable technique that aims to reduce ecological impact and encourage reserve 
effectiveness. In this manuscript, we initiate the technique of Schweizer-Sklar (SS) operational laws 
based on neutrosophic fuzzy rough (NFR) values for SS t-norm (SSTN) and SS t-conorm (SSTCN). 
Further, we derive the NFR SS weighted averaging (NFRSSWA) operator and the NFR SS weighted 
geometric (NFRSSWG) operator. Some basic properties for the above-initiated techniques are 
derived. Additionally, we describe the application in green supply chain management, called waste 
reeducation and recycling based on initiated operators in multi-attribute decision-making (MADM) 
problems. Finally, we illustrate an example for comparing the ranking values of the proposed 
techniques with the ranking values of the existing technique to enhance the worth of the derived 
theory. 
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1. Introduction 


Green supply chain management (GSCM) or simply chain management are very reliable and 
effective techniques used for decreasing the environmental impact of the supply chain [1]. Further, 
the utilization of the GSCM in the environment of waste reduction and recycling is very complex 
because of uncertainty and ambiguity [2]. During the decision-making procedure, we have lost a lot 
of information because of complexity and uncertainty, where the terms zero and one are part of 
classical set theory, but in many genuine life problems, we have required more options for making a 
reliable and accurate decision [3]. For this, Zadeh [4] introduced the fuzzy sets (FSs). The technique 
of FSs contained the grade of membership function which is defined from universal set to unit 
interval. The technique of FSs is very effective for coping with uncertain and vague information 
because of their features, and due to this reason, many scholars have utilized it in many fields, for 
instance, visualization of fuzzy bibliometric problems [5], defuzzification based on fuzzy expert 
systems for possibilistic mean in control-LSD techniques [6], and two technique of generalized 
information measures for FSs theory [7]. 

In the structure of FSs theory, it is quite complex to deal with genuine life problems because of 
the membership function, where the membership function is not enough for coping with complex 
problems, because in many problems, we require the membership function and non-membership 
function. Therefore, Atanassov [8, 9] introduced the intuitionistic fuzzy sets (IFSs). The IFSs have 
covered the membership function and non-membership function with the condition that the sum of 
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both functions will be covered in the unit interval. Further, the technique of IFSs has received a lot of 
attention from different scholars, for instance, Archimedean Heronian mean operators for complex 
IFSs [10], zero-sum decision-making matrix games based on intuitionistic fuzzy goals [11], and new 
aggregation operators for intuitionistic fuzzy soft sets and their application in decision-making 
problems [12]. 

In 1998, Smarandache [13] proposed the technique of neutrosophic sets (NSs) which covered 
three major functions, called membership function, non-membership function, and abstinence 
function with a condition that is the sum of the triplet will be covered in [0, 3]. The technique of NSs 
is very reliable because the existing techniques of FSs and IFSs are the special cases of the NSs. 
Further, Ye [14] presented the aggregation operators for simplified NSs. Moreover, in 1982, Pawlak 
[15] proposed the technique of rough sets (RSs). Further, in 1990, Dubois and Prade [16] evaluated 
the rough fuzzy sets and fuzzy rough sets. Moreover, Jena et al. [17] exposed the intuitionistic fuzzy 
rough sets (IFRSs) in 2002. In 2014, Broumi et al. [18] presented the rough neutrosophic sets (RNSs). 
In 2017, Yang et al. [19] derived the single-valued neutrosophic sets. In 2023, Bibi and Ali [20] 
introduced the technique of Aczel-Alsina aggregation operators for neutrosophic fuzzy rough sets. 

The technique of SSTN and SSTCN in the statistical triangle inequality was proposed by 
Schweizer and Sklar [21]. Further, the aggregation operators for IFSs were invented by Xu [22]. The 
technique of geometric aggregation operators for IFSs was presented by Xu and Yager [23]. The 
Schweizer-Sklar prioritized aggregation operators for IFSs were presented by Garg et al. [24]. The 
Maclaurin symmetric mean operators for IFSs based on SSTN and SSTCN were derived by Wang and 
Liu [25]. The intuitionistic fuzzy Schweizer-Sklar operators for IFSs were presented by Khan et al. 
[26]. The aggregation operators for rough neutrosophic sets were proposed by Mondal et al. [27]. The 
single-valued neutrosophic Schweizer-Sklar Muirhead mean operators were invented by Zhang et al. 
[28]. The single-valued Schweizer-Sklar Hamy mean operators were derived by Yuan et al. [29]. The 
single-valued neutrosophic Schweizer-Sklar prioritized operators were proposed by Liu et al. [30]. 
The generalized interval neutrosophic Schweizer-Sklar prioritized operators were proposed by Khan 
et al. [31]. The major contribution of this manuscript is listed below: 

e To initiate the technique of SS operational laws based on NFR values for SSTN and SSTCN. 

e To derive the NFRSSWA operator and the NFRSSWG operator. Some basic properties for the 

above-initiated techniques are derived. 

e To describe the application in green supply chain management, called waste reeducation and 

recycling based on initiated operators in MADM problems. 

e To illustrate an example for comparing the ranking values of the proposed techniques with 

the ranking values of the existing technique to enhance the worth of the derived theory. 

This manuscript is arranged in the following shape: In Section 2, we revised the technique of 
NFRSs with the concept of SSTN and SSTCN based on the unit interval. In Section 3, we initiated the 
technique of Schweizer-Sklar operational laws based on NFR values for SSTN and SSTCN. Further, 
we derived the NFRSSWA operator and the NFRSSWG operator. Some basic properties for the above- 
initiated techniques are derived. In Section 4, we described the application in green supply chain 
management, called waste reeducation and recycling based on initiated operators in MADM 
problems. In Section 5, we illustrated an example for comparing the ranking values of the proposed 
techniques with the ranking values of the existing technique. Some concluding remarks are described 
in Section 6. 


2. Preliminaries 


In this section, we revised the technique of NFRSs with the concept of SSTN and SSTCN based 
on unit interval. 
Definition 1. [18] The upper and lower approximation space for NFRSs is described in the shape: 
ANFUA gh) = {H, PANFUAGR) (#1), 0 \NFUAQR) (#1), K,ANFUA gp) (H)|H € y} 
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ANFLA (Ih) = {H » PANFLACgp) (Hl), O,NFLA (m) (H),k ‘ANFLA Can) (H)|H € y} 
Where Y represents the fixed set with sub-relation AG YxY, then the pair (Y,A), called 
neutrosophic fuzzy space of the approximation and St& NFS(Y). Further, we explained the 
technique of truth, falsity, and abstinence grade, such as 


O ANFUA(gqy (FH) = \\e EY [ 
K,NFUA(gy) (FL) = \\ LEY [Kacey (H, t) A Kana) | 
banruagy IH) = [\ £€ ¥ [dna Ol.) A dance] 
O ANFLA(gn) (H) = Ve EY [oncae) (Hf) Vv once) | 
K ANFLA gg) (H) = VV LEY [Kacr) (H, t) Vv Kancae)| 
For the above technique, we have the following technique, such as 0 < dynruagy(H) + 
O\NFUAgR)(H) + Kawruagy(H) $3 and 0S Panrragyy(H) + Oanrragny(H) + KanFlagn (H) S 3 
Finally, the pair of upper and lower space (A*44 ant), AYFY¥4 (an)), called NFRS, if both are not equal. 
Further, the NFRVs are described in the shape: T, = (4%, Gee (oe are, Ki?)) SN He) sen 


Definition 2: [21] The mathematical shape of SSTN and SSTCN based on a unit interval are described 
below: 


Onan (H, £) A omc) | 


Boo) = (ut + 6% — Le 
E39) =1-((1-w*+ (1-9)% -1)@ 


3. Schweizer-Sklar Aggregation Operators for NFRVs 


In this section, we propose the technique of SS operational laws based on NFRVs. Further, we 
initiate the technique of the NFRSSWA operator and NFRSSWG operator based on the collection of 
a finite number of NFRVs. 


Definition 3. Consider any two NFRVs I, = ((o?, Cae oe Cs aante a Kur) ,g = 1,2, then 
(: —((1 — pi?)? + (1 - 2) - iF, ((o7?)F, (a9?) F — ih, (Cet? )F, (19?) — yf) 
1,02, = 1 1 1 
(: — (C1 i?) + (1 — G3)? — 1), (Cott? )?, (ax? )8 — 1B, (Cacti? )8, (Hed?) — F) 
1,07, 
A 1 1 
(cor, (p2?)* — 1)8, 1 — (C1 — of? )F + (1 — 09?)* — 1), 1 — (1 — tPF + (1 PF - yf) 


(ory. oxy ce al GS on nt aay) = Ft = (Chee nay yf) 


(: — (91 - oi)? - @ - »)F, (soi?) - (9 - »), (wcci?y? - (9 - »)") 
ot, = 


(1 — (91 - pi)? - @ - 1)? , (aot?) - (@ - 1))*, (BCH)? - W- »)) 
(ory -(6-1))F,1- (64 of? - @ — DPF, (0 — KP’ - @ ")F) 
0 — 


(ory - (6 -1))F,1- (64 — of - @ - P)F,1- (01 YP - @ )F) 


Definition 4. Consider the collection of NFRVs I, = ((o?, OP el?) (oe a? Kur) A ee, 
with weight vector 7’ I, = 1. Then, we described the technique of NFRSSWA operator, such as 
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NFRSSWA(Xy, Xp, Ty) =Opa1 My Lq 


N N B/N 
B B B 
Li > Mz (1 — $7 , y My (o,? , yy Ma (xq 
g=1 = 


G=1 G=1 


Dh 


N z N z N 
ub )P ub Pb ub \l 
i Ym, (1 = ban) , Ym, (07?) , Y_ Me, (12) 
g=1 G=1 g=1 


Theorem 1. Consider the collection of NFRVs I, = (oi, ol? xi?), Cae a yee S12 
with weight vector )\/ M, = 1. Then, we prove that the aggregated value of the NFRSSWA operator 


is again an NFRV, such as 
1 


1 ali 
N B N B N B 
fim > m,(1-o2)° | , y m,(a)° | , > Me, (x?)” 
g=1 ga1 g=1 
NFRSSWA(X1, X2, Ty) = 


1 1 
N B N B N 
ub B ub B ub B 
i ym, (1 - 4 ) , Ym, (04 ) , Ym (xy ) 
g=1 G=1 g=1 


Proof: Considering the technique of Mathematical induction, we derive the above theory. For this, 


first, we consider, N = 2, then 

1 1 

2 B /2 B 
wyP wyP 

Li M, (1 — 5 , My (oy 

—t G=1 


G=1 


2 
, YM (xe? : 
g=1 


NFRSSWA(&,, >) = 


Br 


1 1 
2 B [2 B /2 
ub B ub B ub B 
1 Ym, (1 - #3 ) , Ym, (64 ) , YD; Mey (x ) 
g=1 G=1 g=1 


Noticed that the above information is still computed in the shape of NFRV. Further, we assume that 
the above theory holds for N = n, then 


n i ids ig ibe 
1-(Y'm,(0- 2)" } [Ym (or) | [Ym (ery? 
g=1 ga1 g=1 
NFRSSWA(Xy,Xa) En) = i 1 
n B n B n 
B B 
1=[Y°ang(r— 99)" } {SY ama(os?)” | [Yaa Gee) 
g=1 g=1 g=1 


Then, we evaluate it for NM =n+1, suchas 
NFRSSWACE) Soy Dis) On UT, = O2y WTO Mia Tae 
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n Z n Z n B 
dma — HP) ) [DY amg(a?)! ) .{ D: ame4 etry? 
g=1 G=1 g=1 

= 1 4 ‘ ®B Mri 2n41 


ub \P ub ub) 
» M,(1 a 4”) , y My (a4 2 , >» My, (xz?) 
g=1 g=1 g=1 


1 
B 
-(imwc-9t + Mya(t— 6Pa)? "(Save YP + Myra(os)’ |, 
Yam (iee)? + Mega (Pa)? 
g=1 
= 1 1 
n B B 
Y mg(1 = O32)" + Moe (1 - oH)? (Yen? +m PN 
=1 


> Ma (xu)? + Mara (Kies)? 
g=1 


n+1 B /nt1 n+1 

Y m4(1 - 6)? {2 Blea) " (Sacer) 
g=1 

n+1 B nt+1 n+1 


>, Balt 93") 2,0 (ox?) | , "(Sim (ue)! 


= NFRSSWA(&Xy, Xo, En41) 
Hence, the proposed theory holds for all positive values of n. Furthermore, we described the 
technique of idempotency, monotonicity, and boundedness for the collection of NFRVs. 


Theorem 2. Consider the collection of NFRVs ZI, = = ((o? ee oa a Cae hae a 4 = 0 rere 

t= = ((o Oe Re AOR ay? Re ») (0 oe Oa )) = FV 4 = 12,450; thus 
NFRSSWA(Xy, Xo, Ty) = ((”, 0, K”), (Pe, 0, K%)) =F 

Proof: By hypothesis, we are clear that %,= = (6? eo RE Ge as Da?) = 


((p”, go! «?), (pr, ou, ”)), then 
NFRSSWA(Sq, Soy 0 Zyy) = (Tp Ty ove Z) 


N B/N B N 
DY, ma(1- OP) [DY ameg(os?)” ) | D: a7e4 (etry? 
g=1 g=1 


g=1 


1 
N B N N 
ub B ub B ub B 
Ym, (1-43 ) , Ym, (64 ) , YD; Mey (1 ) 
g=1 G=1 g=1 


Zeeshan Ali and Hajra Bibi, Waste Reduction and Recycling: Schweizer-Sklar Aggregation Operators Based on 
Neutrosophic Fuzzy Rough Sets and Their Application in Green Supply Chain Management 


Neutrosophic Systems with Applications, Vol. 19, 2024 58 


An International Journal on Informatics, Decision Science, Intelligent Systems Applications 


N N N 
ym, - sry) [> me sory) "(3 am!) 
g=1 


g=1 


BR 


N Z N N 
m1— 9" } ( Y'an,coy? } ,{ Yan, ce)? 
Z ; 2 : > 


4=1 


(1- (aor D", Cory (aP>YF) \ 
= ym, = 
(1- (1 — guyeyE, ((o%P)F)B, (cP) q=1 
= ((o”, ote), (ea) =. 
Hence, the property of idempotency is holding. 
Theorem 3. Consider the collection of NFRVs I, = = ((o? a Ge ae 4 as em ee 


TZ and Tf are the smallest and greatest NFRV, then 
Us < NFRSSWA(&,, 22, ... Uy) S TG. 


Called boundedness. 
Theorem 4. Consider any two collections of NFRVs %, = ae Pano a Came baie ors a= 
1,2,...,NM and Xf = (0, of elb xslb), (ps, of cub eg") | 5 = 1,2, ...,M.If X, < TE, then 
NFRSSWA(3y, E>, ...Zy) < NFRSSWA(SE, X, ... TS). 


Called monotonicity. 
Further, we described the technique of NFRSSWG operators based on the collection of NFRVS. 


Definition 5. Consider the collection of NFRVs I, = = ((o? or KP) ear ke )),4 = 1,2,...,N, 
then we described the technique of the NFRSSWG operator, such as 
NFRSSWG (34,2, Ty) = OE, 


f Spas DW j 
Yi m(ge)* | .1-[ Yea)" ) 1 -( Soma - ey! 
G=1 g=1 = 


G=1 


DH 


Ym, (o7")” | 1-[ Dim, -or#)* | 1 -[ San, (2 - 2p)? 
g=1 g=1 g=1 


Theorem 5: Consider the collection of NFRVs I, = (Coal, we); (pi Daa Kur), 4 = 1,2,...,N, 
then we prove the aggregated value of the NFRSSWG operator is again an NERV, such as 
NFRSSWG (1, Xo, Ty) 


| 
2 
ol 


N : z N 
>, ma(oH4)* | .1-[ > me(1-09?)" | 1 -( >. an, (1 - 3)? 


q=t g=t qg=t 
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Theorem 6. Consider the collection of NFRVs I, = ((o? a RP Ne ae )),4 = 42, s0, Vif 


a = ((O2, 08? iP), (G4, 8, HHP)) = (0, x), (™, ox) = TV g = 1,2,..,.N, then 
NFRSSWG(X4, 32, ... ty) = ((P", 0”, x”), (G9, 0%, es =o 
Theorem 7. Consider the collection of NFRVs Z, = (9 oe KP Oe oe Ke )),4 SPN ab 
Tz and If are the smallest and greatest NFRV, then 
Ts < NFRSSWG (Xj, Tp, ... Ty) S TZ. 
Called boundedness. 
Theorem 8. Consider any two collections of NFRVs %, = i a 2) OP ook )).g= 


12 wN and te Hi ( Oo oF ee”) (bacon? xe”) sade nN de =e then 


NFRSSWG (34, Xo, Ey) < NFRSSWG (SE, ¥5, ... TS;). 
Called monotonicity. 


4. Application in Green Supply Chain Management 


In this section, we discuss the technique of green supply chain management in the environment 
of fuzzy set theory. For this, we consider the application of waste reduction and recycling from green 
supply chain management and based on initiated operators we try to evaluate our problems. 

For this, we consider the collection of alternatives Tj, T5,...T5- with the collection of attributes 
for each alternative I/7,T37,...¢4". Further, we consider the weight vector for each attribute 

j-1 Mz = 1. Moreover, we compute the decision matrix by using the information of NFRVs, such as 
the upper and lower approximation space for NFRSs is described in the shape: 
ANFUA (gn) = {H, P \NFUAGR) (#1), 0 ,NFUA(gp) (#), K,NFUAQgp) (H)|H € y} 
ANFLA (Ih) = {H  PANFLACgp) (Hl), O\NFLA (m) (H),k ANFLA Can) (H)|H € y} 

Where Y represents the fixed set with sub-relation AG Y x Y, then the pair (Y,A), called 
neutrosophic fuzzy space of the approximation and St& NFS(Y). Further, we explained the 
technique of truth, falsity, and abstinence grade, such as 


O ANFUA(gyy (FH) = \\ LEY [oacary (FH, t) A Amo) | 
KANFUA(gyy (FL) = \\e EY [Kacey (H, t) A Kancae) | 
O ANFLA(gn) (H) = Ve EY [once (H, €) Vv once) | 
KANFLA gp) (H) = VV LEY [Kacy (H, t) Vv Kancae)| 
For the above technique, we have the following technique, such as 0 < dynruagpy(H) + 
OANFUACgy(H) + Kanruage(H) $3 and 0S Panrragyy(H) + Oqanrragny(H) + KanFlagn (H) S 3 
Finally, the pair of upper and lower space (A*44 ant), AYFY¥4 (aN)), called NFRS, if both are not equal. 
Further, the NFRVs are described in the shape: T, = ((o? Oa sie ny, (px? 0g Be )) = 1,2,...,N. 


The procedure of the decision-making technique is described below: 

Step 1. Compute the matrix of information based on NFRVs, if the matrix covers all the benefit types 
of information then we are not required to be normalized, but in the matrix, if we have cost type of 
information, then we required to be normalized, such as 


((o? 104 ge ee (pi? Og Uae »)) for benef it 
(oe 04 eer (pi? Pr Pe Kg ) for cost type 
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Step 2. Aggregate the information after normalization by using the technique of NFRSSWA operator 
and NFRSSWG operator, such as 


1 1 
N B N BUN B 
MN, (1 — byP m, (ol)? mM byP 
4 bg , g\9qg , alkg 
q=l q=1 


NFRSSWA(&X,, X2, Xv) = 


1 
N B/N B/N B 
ub\l 
YA (1 - $4”) , Ym, (ox?) J[ >. mg(xH?)? 
= g=1 G=1 
and 
NFRSSWG(&1, Xo, Ty) 
1 1 1 
N B N B N B 
B 
dm (oPy | .1-[ > m(1- oP)" ] .1-| Sm, - ae 
g=1 g=1 g=1 
= 1 4 a 
B B B 


N N N 

ub\B ub ub \l 
Ym (03?) oe a Ym, (1 - of?) pl Y, me, (1 = x2?) 
g=1 g=1 g=1 


Step 3. Describe the Score values of the aggregated values, such as 


SV (Xa) = 5 (COP — od? — nb) + (x? — of — x) 
Step 4. Find the ranking values based on the Score values for evaluating the best optimal among the 
collection of information. 
Further, we evaluate the problems of waste reduction and recycling in the application of green 
supply chain management based on initiated procedures to enhance the worth of the derived theory. 


4.1 Waste Reduction and Recycling: Application in Green Supply Chain Management 


In this section, we implement the application of waste reduction and recycling form green 
supply chain management according to initiated operators, called NFRSSWA operator and 
NFRSSWG operator. Waste reduction and recycling are two different techniques that are used to safe 
or rescue environmental impact based on their criteria. For this, we consider some alternatives in the 
shape, such as: 

1) Lean Manufacturing. 

2) Education and Awareness. 
3) Product Designed. 

4) Source Reduction. 

5) Benefits 

Further, we use the collection of weight vectors (0.4,0.3,0.2,0.1) based on the following attributes, 
such as social impact, political impact, environmental impact, and growth analysis. The procedure of 
the decision-making technique is described below: 

Step 1. Compute the matrix of information based on NFRVs see Table 1, if the matrix covered all the 
benefit types of information then we are not required to be normalized, but in the matrix, if we have 
cost type of information, then we pais to be normalized, such as 


(oi? 0, ahs Cameo Ku?)) for benefit 
(Cee we), (pu, age Kur) for cost type 


Zeeshan Ali and Hajra Bibi, Waste Reduction and Recycling: Schweizer-Sklar Aggregation Operators Based on 
Neutrosophic Fuzzy Rough Sets and Their Application in Green Supply Chain Management 


Neutrosophic Systems with Applications, Vol. 19, 2024 61 
An International Journal on Informatics, Decision Science, Intelligent Systems Applications 


The information in Table 1 in not need to be normalized. 
Table 1. NFR decision matrix. 
au ag a ao 


3 (0.5,0.4,0.7),\  ((0.51,0.41,0.71),\  ((0.52,0.42,0.72),\ /(0.53,0.43,0.73), 
i ene loo den) (eres (aereY 
A (0.4,0.6,0.7), (0.41,0.61,0.71),\ ((0.42,0.62,0.72),\ /(0.43,0.63,0.73), 
az sano) oes) ea) een) 
. (0.7,0.4,0.5), (0.71,0.41,0.51),\  ((0.72,0.42,0.52),\ /(0.73,0.43,0.53), 
*3 Cary Ce, (eens erry 
2 (0.3,0.6,0.4), (0.31,0.61,0.41),\  /(0.32,0.62,0.42),\ /(0.33,0.63,0.43), 
= woo Caren ae) (eerereee 
: (0.6,0.4,0.3), (0.61,0.41,0.31),\ /(0.62,0.42,0.32),\ /(0.63,0.43,0.33), 
5 ora oe) Pees (anes. ore) 


Step 2. Aggregate the information after normalization by using the technique of NFRSSWA operator 
and NFRSSWG operator, see Table 2. 


Table 2. Aggregated decision matrix. 
NFRSSWA operator NFRSSWG operator 


; (0.51474,0.41477,0.71496), (0.51499,0.41502,0.71465), 
Aa aoe (arr reernce 
. (0.41477,0.61472,0.71497), (0.41503,0.61498,0.71466), 
ax ( (0.41503,0.515,0.31508) ) ae 
: (0.71467,0.41478,0.51501), (0.71498,0.41504,0.51476), 
a eens Crea 
: (0.31478,0.6147,0.41502), (0.31506,0.61497,0.41476) 
u4 Creer, (Gu sea, 
. (0.61472,0.41477,0.31508), (0.61498,0.41503,0.31479), 
ts ( (0.515,0.61498,0.515) ) Ceres, 


Step 3. Describe the Score values of the aggregated values, see Table 3. 


Table 3. Score decision matrix. 


NFRSSWA NFRSSWG 
x4 —0.34354 —0.34297 
x5 —0.3102 —0.30965 
x3 —0.2436 —0.24297 
x4 —0.37683 —0.37629 
re —0.3101 —0.30967 


Step 4. Find the ranking values based on the Score values for evaluating the best optimal among the 
collection of information, see Table 4. 


Table 4. Ranking values. 


Operator 3] Score values L Best optimal 
NFRSSWA Operator T§ > TE>IT§ >If > Te rs 
NFRSSWG Operator T§ > I$ >TE>I > TE Ts 


According to the theory of NFRSSWA operator and NFRSSWG operator, we obtained the best 
optimal is T§. Further, we evaluate the problems of waste reduction and recycling in the application 
of green supply chain management based on initiated procedures to enhance the worth of the derived 
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theory. Further, we discuss the stability or influence of the parameter by using the value of the 
NFRSSWA operator, see Table 5. 


Table 5. NFRSSWA ranking matrix for different values of parameters. 


Parameter | Score values — | Ranking values 
B =2 —0.34354, —0.31047, —0.24393, —0.37683, —0.3101 T§>Te>IT>IT>-ITG 
B =3 —0.34383, —0.30939, —0.24268, —0.37709, —0.31046 T§>IT>TE>IM>T 
Bp =4 —0.34411, —0.310475, —0.24427, —0.37734, —0.31073 T§>ITE>I§ >I > TH 
Bp => —0.3444, —0.31102, —0.24461, —0.37759, —0.311 T§>I>ITE> I> TH 
B =6 —0.34468, —0.31129, —0.24494, —0.37785, —0.31127 T§>Te>IT >IT 
B =7 —0.34497, —0.31157, —0.24527, —0.3781, —0.31127 T§>Te>IT >IT 
B =8 —0.34525, —0.31184, —0.2456, —0.37458, —0.3118 T§>TE> I > I> TH 
B =9 —0.34553, —0.31211, —0.24592, —0.3786, —0.31207 T§>TE> I >I > TH 
B =10 —0.34581, —0.31238, —0.25625, —0.37885, —0.31233 T§>Te>IT >IT 
B =15 —0.34717, —0.3137, —0.24782, —0.38009, —0.31364 T§>Te>IT >IT 


According to the theory of the NFRSSWA operator, we obtained the best optimal is T§. Further, 
we discuss the stability or influence of the parameter by using the value of the NFRSSWG operator, 
see Table 6. 

Table 6. NFRSSWG ranking matrix for different values of parameters. 


___ Parameter __ Score values _sRanking values _ 
B =2 ~0.34297, —0.30965, —0.24297, —0.37629, —0.30967  T§>IS> I> IM> ITH 
B =3 ~0.34269, —0.30939, —0.24268, —0.376, -0.30941 %§>I>I>IWE>ITHs 
B =4 ~0.34241, —0.30912, —0.24239, —0.37572, -0.30916 IS >>> IT> TE 
B =5 —0.34213, —0.30886, —0.2421, —0.37543, 0.3089 %§>I>ITE>IE> TH! 
B =6 —0.34185, —0.30859, —0.24181, —0.37515, 0.30865 I >I >> I> 
B =7 —0.34158, —0.30833, —0.24153, —0.37486, -0.3084 >>I >+IM> Te! 
B =8 —0.3413, —0.30807, —0.24125, —0.37458,—0.30815 I>IS>I>IM>Ts 
B =9 ~0.34103, —0.30781, —0.24097, —0.3743,-0.3079  %§>I>IU>IW>ITHs 
B =10 —0.34076, —0.30755, —0.24069, —0.37402,—-0.30765 IS>I§ >>>! 
B=15 = -0.33942, —0.30627, —0.23935, —0.37265, 0.30641 >I >>I >IT 


According to the theory of the NFRSSWG operator, we obtained the best optimal is T§. Further, 
we described the geometrical interpretation of the information in Table 5 and Table 6 in the shape of 
Figure 1 and Figure 2. 


~ 


@ SeriesS 
®@ Series4 


Series3 


@ Series2 


@ Series1 


/ 


Figure 1. The geometrical shape of the data is in Table 5. 
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5. Comparative Analysis 


63 


In this section, we compare the proposed ranking values with the ranking values of some 


existing techniques to enhance the worth of the proposed theory. For comparing the proposed 


ranking values with some existing ranking values, we have considered the following existing 
techniques, such as the prorposed theory of Xu [22], Xu and Yager [23], Garg et al. [24], Wang and 
Liu [25], Khan et al. [26], Mondal et al. [27], Zhang et al. [28], Yuan et al. [29], Liu et al. [30], Khan et 


al. [31]. The comparative analysis is listed in Table 7. 


Table 7. Comparative analysis based on the data in Table 1. 


Methods Score values 
Xu [22] n/a 
Xu and Yager [23] n/a 
Garg et al. [24] n/a 
Wang and Liu [25] n/a 
Khan et al. [26] n/a 
Mondal et al. [27] n/a 
Zhang et al. [28] n/a 
Yuan et al. [29] n/a 
Liu et al. [30] n/a 
Khan et al. [31] n/a 


NFRSSWA operator —0.34354, —0.31047, —0.24393, —0.37683, —0.3101 


NFRSSWG operator —0.34297, —0.30965, —0.24297, —0.37629, —0.30967 


Ranking values 
n/a 
n/a 


n/a 


n/a 
n/a 
n/a 
n/a 
n/a 
n/a 
n/a 
T§>TEe>IM >>I 


T§>I>ITE> I> TH 


According to the theory of NFRSSWA operator and NFRSSWG operator, we obtained the best 
optimal is 3. Further, we explained the limitations of the existing techniques. After all, the existing 
techniques have failed to evaluate the data in Table 1 because the existing techniques are the special 


cases of the proposed theory. 


" ss 
_+. 
é Series5 
m Series4 
@ Series3 
m Series2 
mSeries1 
EE —— = 
-0.4 LH 
-0.3 
-0.2 
-0.1 
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Figure 2. The geometrical shape of the data is in Table 6. 
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Hence, the proposed theory is very novel and effective and because of this reason, they are more 
effective than the prevailing information. 


6. Conclusion 


The major contribution of this manuscript is listed below: 

i). We initiated the technique of SS operational laws based on NFR values for SSTN and 
SSTCN. 

ii). We derived the NFRSSWA operator and the NFRSSWG operator. Some basic properties 
for the above-initiated techniques are derived. 

iii). We described the application in green supply chain management, called waste 
reeducation and recycling based on initiated operators in MADM problems. 

iv). We illustrated an example for comparing the ranking values of the proposed techniques 
with the ranking values of the existing technique. 

In the future, we will expose the new theory of neutrosophic hesitant fuzzy rough sets and their 
extensions. Further, we will derive some methods, techniques, and measures for the above-initiated 
ideas. Lastly, we will utilize it in the environment of decision-making techniques, artificial 
intelligence, game theory, data science, and many others to enhance the worth of the proposed theory. 
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